Introduction
Colloid-facilitated transport of contaminants may be important in cases where contaminants associate strongly with particles such as metals, radionuclides, and hydrophobic organic compounds. In addition, facilitated transport may also be of importance in porous or fractured aquifers with high flow rates, those with high levels of dissolved organic carbon, and those chemically altered or dominated by sodium [24] .
Processes involving solute transport have been considered as an equilibrium between the mobile aqueous phase and the immobile solid phase. However, some subsurface environments contain small solid phase particles and macromolecules that can be transported with the mobile aqueous phase [16] . For example, it has been suggested that particles considerably smaller than sand and gravel may promote the migration of compounds in association with the suspended solid phase (in groundwater aquifers) [25].
Colloids are defined as particles ranging in size from lnm to lpm that remain suspended for a period of time. Some components of the colloidal phase include SiO, illite, muscovite, biotite, calcium silicates (e.g., actinolite), organics, and bacteria [l 11. Colloids assume different shapes and are present in various natural systems such as surface, marine, and groundwater environments [27] , and colloids in the mobile phase have the potential of sorbing contaminants, thereby causing an increased migration of certain chemicals [ 161.
However, information on these components and their influence on contaminant transport is limited. Colloidal surfaces can be positively or negatively charged and they can be subjected to both repulsive and attractive forces [22] . The surface area for the smallest colloidal particles is in the order of 103 m2/g 1301. The high surface area per unit mass of colloidal-sized particles provides a significant sorption potential and is of most concern with regard to transport [25,30].
Several radioactive sites have been analyzed for actinides and/or radionuclide migration in groundwater, and in some cases migration has been shown in excess of lOOm in groundwater [28] . However, these researchers emphasize the necessity to understand and accurately predict colloid-contaminant migration in groundwater environments.
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Goals and Objectives
The goals of this project are to determine if bacteria present in regional groundwaters could serve as colloids capable of transporting radionuclides and to develop a polymerase chain reaction (PCR) assay for their detection. The initial phase of the project consists of assembling a list of bacteria capable of sequestering or facilitating mineral transport. For this, a review of the scientific literature was conducted to determine if bacteria indigenous to subsurface environments are known or could serve as colloids.
Subsequent phases of this project include the development and optimization of the PCR amplification assay for the detection of the organisms of interest and the examination of regional groundwaters for those organisms.
Background Information
Colloids
The importance of colloids in facilitating contaminant transport in groundwater systems depends on: the colloid surface area, the amount of reactive sites per unit of Their migration rate depends on the properties/characteristics of the element, the nature of the aquifer, the solid surface, the presence of colloids, and the presence of natural organic substances (e.g., humic and fulvic acids) [27] . Because radionuclides are more mobile in groundwater than would be predicted based on their adsorption potential, it is likely that some of the material to which they adsorb is mobile Table 1 presents the names of those organisms followed by its interaction with toxic elements and the mechanism of interaction (when known). In addition to the bacteria listed in Table 1 , other researchers have performed studies identifying bacterial genera autochthonous to groundwater environments [7, 18] . These genera are: Acinetobacter, Aerococcus, Alcaligenes, Arthrobacter, Azomonas, Corynebacterium, Moraxella, Paracoccus, and In order to use the PCR technique, sequence information must first be identified for a specific target DNA segment. For amplification to be effective, this segment must be unique to the organism(s) of interest. Once an appropriate DNA sequence has been identified, oligonucleotide primers are selected and synthesized in the laboratory. Following the PCR process, amplified DNA products are usually analyzed by gel electrophoresis owing to its high resolution. In gel electrophoresis the defined length of the amplification product should agree with the expected size according to the sites of the primers when the gel is observed under UV light after ethidium bromide staining. The authenticity of the amplified DNA is confirmed by sequencing, restriction analysis, or nucleic acid hybridization using an oligonucleotide probe complementary to a specific internal DNA sequence within the product. A positive hybridization reaction confirms the identity of the DNA as being from the specific organism of interest. Selected oligonucleotide primers and probes must be tested for sensitivity, specificity, and selectivity.
Targeted Bacteria
Although numerous bacteria are recognized as interacting with toxic elements in the environment (Table l) , little information is known about the DNA sequences that can be used for the selection of oligonucleotide primers. Currently available information on the primers, lysis/purification conditions, amplification protocols and references for some of the bacteria in Table 1 is provided in Tables 2 -6. The information presented in these tables represents only the initial phase of this study -establishing the groundwork for future studies that will utilize the PCR assay.
Summary
Many investigations have focused on the use of isotopic comparisons and modeling to study radionuclide migration [8] . Because radionuclides are more mobile in groundwater than would be predicted based on their adsorption potential, it is likely that predictions based on modeling may underestimate their actual movement in groundwater [25,30]. The use of the PCR technique for detection and identification of groundwater bacteria capable of serving as colloids is sensitive and specific. This technique can be considered as an alternative method for groundwater monitoring of specific bacteria. Compared with culturebased methods, PCR is rapid and can be automated, making it possible to perform sample collection, preparation, and analysis of many samples in a few hours. Therefore, the use of the PCR assay for detection of groundwater bacteria capable of serving as colloids w i l l enhance capabilities to monitor contaminant transport flow, Table 3 .
Primer pairs, amplification conditions and references for the genetic (plasmid) amplification of BacilZus megaterium spores. 
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